Abstract. The unmanned aerial vehicle (UAV) formation flight is studied by consensus strategy. Firstly, the UAV formation model with nonlinear elastic characteristics is established and proved to be Uniformly Ultimately Bounded (UUB). Secondly, a consensus strategy controller is designed combining with the proposed nonlinear elastic vector. Finally, a simulation is conducted to verify that the designed controller is effective and can reduce the fuel consumption and the control cost.
Introduction
At present, the consensus theory is widely used in the consensus of the complex network, multi-sensor, and formation keeping and so on. The consensus refers that each member in the group shares information, so that their status ultimately tends to be uniform [1] [2] [3] .
An effective method based on decentralized control for the UAV formation with overlapping information flow is presented [4] . Behavior-based method makes the deviation vector tend to be consistent between every vehicle's true position and desired position. The direction of information flow is ring topologies of arbitrary direction, so as to realize the formation keeping [5] . A given virtual structure formation control scheme is studied to make the fixed wing UAV formation maneuver along the planned formation trajectory [6] . In this paper, nonlinear consensus strategy on formation keeping is imposed by leader-follower approach. The stabilization of the designed system is demonstrated by the presented UUB method.
Nonlinear consensus formation model and control law design
Formation model. The dynamic model of single UAV is: 
Moreover, introduce a nonlinear elastic vector
with   , , ( )
where, constant scalar   
is the desired relative distance of adjacent UAVs. d v is the desired velocity.
According to the elastic look-ahead point ˆi P      ,
Differentiate (5) and the dynamic equations of single elastic front viewpoint are obtained. ,..,
After the arithmetic, the error model is finally obtained 
Design of control law. The consensus control law of UAV elastic formation is
where, 1i k and 2i k are the relative distance feedback gain and the system forward gain respectively. 
where, 1 
Put the relative value into (11) and the control variable can be obtained Assumption1. The directed graph have a spanning tree and at least on root node.
UUB analysis of nonlinear consensus control
Assumption2. The control input , 1,..,
, where, M U is unknown and bounded. 
holds, the formation system (11) is UUB under controller (12). In inequality (14), 2 P is a positive definite matrix,  and  are real vectors.
Proof: Considering the candidate Lyapunov function
where, 2
, 0 
According to the Assumption2
To make 0 V   , only the following inequality needs to meet
As shown in Definition1, the formation error vector e is UUB. □ From the formation flight trajectory in Fig. 2 , we can see that formation keeping can be realized with the nonlinear consensus control method. Fig. 3 shows the comparison of nonlinear consensus and linear consensus control strategies. The control law curve of nonlinear consensus controller has a lower cost and smaller overshoot than the linear consensus controller. When maneuvering, the nonlinear consensus controller has better formation keeping control effect. The advantage of UUB control is shown.
Simulations

Conclusions
UUB control of UAV nonlinear elastic formation consensus strategy is deeply discussed. The control effect of the nonlinear elastic consensus controller is verified. With the comparison of the nonlinear and the linear consensus control strategies, the former has a better control effect and less cost. It has the obvious advantages over the latter.
